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(57) Abstract: This polyphenol-containing acyl glycol chitosan thermogel has lower cytotoxicity than a single component acyl glycol
chitosan thermogel, and can alleviate conventional weak mechanical properties through physical-chemical crosslinking of polyphe-
nols and acyl glycol chitosan thermogel. Self-healing was observed using pyrogallol groups of polyphenols, physical stability and
biodegradability were easily controlled, and antioxidant and antibacterial properties, which had been difficult to achieve with a single
component, could also be observed. As a result, by using polyphenols as a functional additive, limitations of single thermogel properties
were compensated for, and the performance of a conventional thermogel was improved by imparting the properties of polyphenols.
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3369ppm) ] A 27} 78 E 9l 58 HolET o] GAdl #lE A (-OH) 7 B
o] EAeHY] Wt dS & 4 A = 4= OGC @5, OGC/GAO.1, OGC/GAL.0,
OGC/GA10, GA ¥Hzo] th3l &4 335 etdit). GA 3F3ko] Z713td) ujat
FhErd e A& Ao & el 1650cm™ e 3 A7) 7439 7] o] 4=

Q7] gl o 554 sk 4 oE GHHNSS % 5 9l

AR 3. A EA L] ATt @ E FRTH AF
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[93]

[94]

[95]

[100]

Abgtol] o gk AIgE o] &4 A A E-S st r] &l o 7 Bl (HR-10
rheometer, TA Instruments, New Castle, DE, USA)E A3l HGC 2 HGC/TA A
R AZE o) &4 frusrA] HAS g Tt 25°C 2 37°Cel| A 10 Pao] o7 gt
59, 1Hz9] F=34= 3lell A 214 20mm, 1+ Imme] F 7] 2] 3 3] Z#) o] E A}o]
o]l HGC(4wt%, 5772 HGC/TAE Wl | ght). Al ZF o] &4 A4 e Al 5= 60
F9] 2 Algboll A AIZE 2~ 9] WS AFBsho] A FlT ZF Al E ol o8l 0A]<T,
6AZE, 1241 ZF, 2441 ZF, 48 A1 ZF, 96 A1 ZE, 192417 & 31814 A5 S4 o).
HGC= TA7} Al 88h= #7h4)9l 7hit 32 914 TA 57} 3 7Hkl whet
TAﬂﬂ&ﬂtiﬂﬂﬁiﬂzﬂ‘Q‘]%OL%LﬁJ]iﬂﬂﬂigi
Ab3}E = Al o ' Al 2FE T o] w) F) =3 HGC Akol 9] AT A 5
o] & ﬂﬂﬁﬂﬂfm04®mﬂﬂ4ﬂﬂﬁﬂwkHﬁ%ﬂ vh-3 5ol 584
& 7k 7k doj it} & 53 HGC/TA A 2 Ao A o] &¢] % A3} 3}
& UEh = B2 ol E 62 At & HGC % HGC/TA A 2.4
YERA T ghdAL ShEFo] F7bsthel whet ZF AR F H gk Ao 2 W
A= Aol Rl o] MAYFE oFdlY
& 1] o o]l AF-2(25°C) 3 A 2(37°C)S H il
2 0GC 2 0GC/GA A 2 A o] o] 7S veplit)

o)

o
HJ

rUhL

o 1o
) EO{'
i mlo

2 e
>,

%

2

ot
-

ol
B ox AL Mo ot om
o3
- Y
g Ao b
L 2
k)
)
i
4
ol
:?L_"

9 o

S 7bslel wpet 7k Al57F 7 gk A o 2 wslal Al ko] Xl whe)

EFWa A3 f5Ad 5 A o] 1yl
37°C) A 2] HGC 2 HGC/TA A 24 2] Al 7ke] ulE A4 w2
el 2~E yerdth 143 37°Co A A B A7 25°Cc T 2l o] A o
Ebwkth b AR §heko] bS5 A Ra Y A7) SUhste] HEA = 37°C
THEE FE 96 F A EE el A7 71 HGC thE] F o oF 1008 7HA] &8
H AL gd 5= g1l B 93= 37°C A 2] 0GC 2 OGC/GA M XA 2] Al 7k
%QQQOMMMNA@%Hﬂ Zad vt A8 F
71 0O

o >
i M
1o
e
10
-
N
é

4.4
m
%
o
Y
ON

7hEkdct, 7= Nﬂ e Bl = A P
2 71" A A3 ol = A Al 3 47:79;%137 AAA s &84

A X o 4. A7) A EA
41ARA AN 33 24

H&HAW Aol A7) X4 58 L Frlaly] s AA A A7) 2%
A

E[ES
TH YU HGCTAA Z S 5 27p o & Zhe} 25°Col A & w3 q11
F AR HGCOTAARAE 5o &2 A4 FAIE AW 5 A=A 221
=3
HGC/TA A B A& S1ro] 27} A EA-E 7FA I 9lo] &4 Al A4 o=
TR FAAE Hetal B e 5 @wmwmwuﬂqnﬂ1%gag
A B2} 7F AT 28 9] 71 A EA o) 7| ¢lET) ATt X G v H L v 2zt
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[101]
[102]

[103]

[104]
[105]
[106]

[107]

Y
r_\ﬁl

M

Y
=

™

>

fol

X,

o

y HH
i

o,

-
ef

F N

to,

®)

0

it

N rl.u:

Wz A2 A7) )4 EﬂiE% T

42 N EA 9] %tﬂﬁ}ﬂ 35 54

2| Q1| Bl & AR&-3Fo] HGC/TA M 2 A Q] A7) 2 T 5ol t gk A= 3Al&
Tk A7 20mm, H4 1.0mme] &l $F & o] E Alo] o] HGC/TA A 2.4
& 2R A MY EJAEE &7 Héﬂ WY AE 2~ HAERY Y] =0.1-
5000%, 25°CeN 4] 1Hz 124 S35 = gic) 729 o & giA) b4 ~2Ed4
24 H2EE 53 3u) 25°Co A 1Hz9] 1 Fah2 60% (FE4 o8 22 W
AE(y=0.1%)°014 A E(y=1000%) 2 HEES AFrh A2 A o] fX
HeEwYdE s AErt 2y, A9S F HAE 4 100025 Ve =
133t

HGC/TA AR A o] ~E g0l A9 Aufo A Gmelz 3] A
&3t HGC/TA A EA o] A7} A/ 545 H 7 Hﬂ%’ Z12
A NG >GMOl A AA AA 9 Z-& A EG">GHE S A Fto]
o & AlE BolErt o] A9 Aol 1HGC/TAM1WM G FA3 G” F4-2
1000% 2] W& Fo| A 1w x}ate] W a5 o] 1000%E.cF 2 ) A 24 271 9A
3] Iy E S BoFdoh 18 v 0.1%°1 4 1000%7H4] 914221 ¥ ¥ & Alo]
& W3 E AMgsto] AR FEA 3 AFE H7HEh E 112 HGC/TA

ol f-¥erH 3 Fa] AvE Vet 0.1%°01 4 1000%7FA] 1Hz2] 5L ek

gfgrol| A ZF A Abolel] 603 (A SR AL 02 W 7] E WA ZT T
Z WY EA000%)°] ==H A& = A A T 27 S HJAA R, ¢ 2
HEO0.1%)N A= stol=r2do] FHl & 352 F UM & F U 14
W ZF AME ] A7 A S FR1E 5 AT

=

AA A 5 AERE A E

HGC 2 HGC/TA A ZA o] o} 2 735 A3 & 500kN 2= lo] A2y W8 A
31 7](Texture analyzer(EZ-SX, 500 N, ¥+ Shimadzu)& AF-&-3te] =3 gt} H 2~
E 3 HGC ¥ HGC/TA A A4S 213 10mm(2 ) x 10mm(=°]) 7|2} 453
B NEAS Fuldn) AES B AE VA Wil B9 Smme] A2~ FHE
S8 Sk ol Ajlol o]o] 7 ¢ AR HAEE Al HRkRglom, @
b = ol 2 gk HlolE o] M3l E RolFE

EhAAHS EH-R-3F HGC A B A2 7] HGCS A4 Aol v & g4t 719
S 4G, Al E HGC W ko] E2] 4] Adt 2 518h4] Aol ofs) 7l 2
o] =

i o o
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[108]
[109]
[110]

[111]

[112]
[113]
[114]

[115]

TA 2 HGC A Al 9] o1& A5 E YERT HGCY &7 =& 1kPadl Hhd g

£ 33 HGCE HGCR T -2 F5 258 bl §hda gako] 57}

5 oF& 7L = HGC/TAS.09 7% Aol 47kPa7t A F 78 vl 28 v HGC/

TA109] 725 ¥hd 2k ko] A& 280 AR M B A o] A 7] A& 2= Bl

v LA, TAE 3t HGC A A o] 71 A 2 24 o] 5 Az 2t o 7
[e]

A 6. EHA AP A E

37°CoN Al 4 o] 4F3} A 71 HGC/TA A BA-& =0l i), o] 232 o] A
S Farste] Aagsteit). smL vlo] 2ol 0.5mL2] HGC 2 HGC/TA A 2 A4S
Hlato 37°CE A1 8 Sl Bl o] Fof A5 FXdrh 30+ &, 2 &
PBS 2mLE 7} ulo| ko] a1 ThA] Q15w o] Ef o] .3k 36, 12, 244 7+ 3+
% PBSE LA g th 3 Aol b 3] =& w7 A Pk A B o] b SRS
PBSE 1w 3tal7| 21 He) 5480 S 27 S5 27 FF &S W
H52 SHst AL v A& ARGt Al A el whE (%)= T3

37°Col A HGC/TA A = o] A g 7 Thol] uh & A QP4 A] S 37t & 13-
37°Cel Al PBS W HGC/TA 2 HGC A F.A ] Al g3 U] A g A B A~ EE g
It = 13904 Hi= vk} o]l & HGC= oF 20 whol] F-af ¥ 9l o el Ak
ghefo] 7hd B2 HGC/TAO.15 7 2] FrAFe 76 B8tk HGC/TA0.59] 7 5-
71 HGCol v] & 2] o] =& & a]ﬂ ot A8 H.9 o HGC/TAL1.09] 74 5-
4 o] B A F ol o] 271 Fol| = gal Ao FA = AE &
213} T} HGC/TA5.0 2 HGC/TA109] 75‘% 2709 ol &2 A &3 v =3 A HE
A F Tt o] &F Lol HGC9F TAS] 3}8H2] Aol o8 o] kg Ad o] =LA Z-7}F
sto] 2711 o] A E A o] A ¥ = A& HFAS = AATEH TAE H7Fo2H
7]{: %Lxé /}&1_1}'__7%]0” H]gﬂ %g]le cd—zéxg% ijﬂ 8]:/\1—/\] 7] 2= 0] ©. O 3Flo] 61114-‘

o O 2 T AME=E T U A

uih

H HN

Mz ro 10 1o

A 7. A8 | BE A E

@ G B Ao A 53 2 22D (10 mg/mL)S §H5-3F PBSE AF-&-3o] HGC/
TA 3 A A o] AE-sAl S H7TE ZF A& SmL vFo] 2ol 0.5mLA 4]
ot 7F WE-S 37°CY] dFulolH o] Bakstar Ayt wAlgh & FAE 543
th FAE SA4S A A A AZ glax9)o] £EH PBS & 2mLE H 7t
Slal 3, 6, 12,24, 36,48, 60X F = A 2A o A& SAH S F F-& o] Al PBS
5 7T A ZE 7 ol k& M 28 9 ?&%%‘E(%)g Toto] A& B al gt

GC= Zﬂ}_lﬂ HGC= U}%kﬁi ﬂ‘f’—.};ﬁ, HI_:]_%:] Oﬂ Q]E‘H /‘g—]—?L“SH'g ] tﬂﬂ—o]»b 74 oR=S

1

ol 7 GO} n R EA & ho] 2 xFed o) o & Al E-a) ® ) theksl oko] Bt AL
Shir gk A 2 AlLs Fal] g AT Q= Aol A Algbol A el whek e Ad-g
3har v A 2 Al ) vl glc) 2 143 37°Col A 10mg/mLe] &) &2 S 3F5-3F
PBSol 4 HGC 2 HGC/TA A ZA 2] F 4 %8 T 2utd-S et & 1400 A
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[116]
[117]
[118]

[119]
[120]
[121]

[122]

[123]

[124]
[125]
[126]

[127]

H 4~ 950l HGC A 2 A2 a5 whol] Faf 7t Sx ¥ o) vhd ghd ke ghf-
S HGC A BA 9] 79 0.1~1%+= 36A] I o] U], 5% = 48411k o] W], 10%= 604] {E
ol o] Fafl¥li= A og AFEHAT o] & Ay= ghd At H bl mrE A
ofo] o B Huvt =HA 7] Wil Ao FHHET A e AL a1
frol Ao upg) HajAd o] AAE = v, Bl Ef A BA L g4k 3o
e} B S 24 4 9l

A Al 4] 8. HGC/TA 2] FE-SEM o] 1] %]

= 155 HGC/TAS] 7Hal & B & H o] 523= FE-SEM ©] 1| %] o]t} 7|5 HGC A &
Ao Mz Addd g 125 Holi= P E B3t o] HGCol TAES #H 713t
= F2d0 54 45 HGCH

AA o9, itz A
HGC 2 HGC/TA A Z.A o] vALE 4~ 7] 842 31 7}317] 9] DPPH 2 ABTS
A& 3 gnt. e8] el DPPH -8 94(0.2mM)S
At 0.5mLe] M= A-S 5mLe] DPPH § 9ol ¥ a1 o
T, A A AR N B A S A A 5] DPPH &

b & ook Roefm

|
A(SINCO, &) E AL-&31o] 517nmol| A DPPH &9 o] &35 5 7] 53},
A A A g FHE zoln=3)EFH dHLd &7 24 & 5
ABTS #2412 ABTS(7mM) ¢} 3 BAHZEHE(2.4mM) £ 42 1:0.5 1| & (vv) 2 &
Sle] ABTS €92 A Z238)aL 12-16A13F B QF ol A ot & S/ 84
3lo] 734nmoll A &35 0.7(x0.1)°] ¥ == g}

DPPH 4] 3} f-AFSHA], 0.5mL 2] A 242 smL2] ABTS &0l a1 30% &
FoF& o E v F WES A A ABTS &9 FHEE 7|53t
438 ABTS €918 tx7 0 & A8 o, 734nm(n = 3)0)| A g9 &34
zlol & 7lE o2 gtz A~ A B Qo A el dalel EA4 e T
G82] 17 ol AlakE L)

(77512 1]

Antioxidant activity (%) = [(Ai-Af) / Ai] x 100

o] 71 A, Ait= <2523F DPPH H3= ABTS 2909 &3 o]a1 Afi= AR A S A A
g T Ugt godlo] Fagrolr)

DPPH &}t ZH(H e} A& gAtks) sht sl A 4 948 wolEo] Qg gt
DPPH-H ¥ AHF A7} & 4= ) = ot A & 2 bt Zrolt), ditslsg H sl
915 DPPH ¥4 WS Wol A3, & 162 517nme] DPPH ¥4 2 #Z g
W dlol el o)t} = 162 at= A 2 A I 3052 S A|7F 3 DPPH £ 2] UV-vis
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[128]

[129]
[130]
[131]

[132]

~HAEHS YER AL, = 169 bi= HGC 2 HGC/TA A 24 2] DPPH &~ 7 4] &
Lebdch G HGCO| 45 @t s) gd o] Ao ke ] ¢k REA, TAS] 49
@atks}l g4 o] #HEE Y tE HGC/TAS.0 ©142] 74 -5- 80% ©]42] ehv]Zh 275
o] glxo] Ats) wH o] 7S el E 169 ¢i= DPPHS} HGC/TA
M2 AS 8o d o] u] x| o]t} B 178 OGC 2 GA &3¢ DPPH ¥-4] 23}
Z Uedtt 2179 ax= N2 A A E 3 DPPH § 99 UV-vis AFEH S 1}
EF 31, = 179] bi= OGC ¥ OGC/GA A 42| DPPH 47 4 & el
ABTS 41 ol A ABTS+ 2}t ZH(H 5 A2 A 2HE whol QFg g ABTS(+4)
7} & 4 AT} ABTS 412 DPPH®} 8] AF&-5] 5= &4t e) 55 s 7F Al g ol o).
5 182 734mm¢] ABTS A A& Kol & 189 av= A 2 A7 302 A&
Al % ABTS &9 9] UV-vis 239 E 5 & UEM 3L, b= HGC ¥ HGC/TA A 24
o] ABTS &7] A4S eIt HGC/TAO.5 o)At A 712] 100%°) 717hS- 3kt
s} s o] EAH A} ol N ZE TAVE 75 A &2 HGC= A& HolA &
A At A o7 whe B S Wol TAQ shakol] o3 aAalsl s o] Sl E = A
& o1ttt = 189 ¢ ABTS 9 HGC/TA A 2.4 '8 A& 84213l o] n| x| o]

.

AA 10, FF HAE

HGC ¥ HGC/TAY] &+ 592 1% 54 Escherichia coli (E. coli) DH50.}
% AT Staphylococcus aureus (S. aureus)e ©1-8-3F0] A3 5151}, vhe|
o} & ekl (1.0x10° cells/mL for E. coli ¢} 6.2x10° cells/mL for S. aureus)< 10+-2]
12 8|4 &to] o Agol ALt 848 uhel gl o} &S LB/KAN aL7)
M= (E. coli)$} LB 314 Wl A] (S. aureus)©ll 100 uL2 #5383t} 71 F, HGC ¥
HGC/TA o] =288 aL A wj =] o] F-otell a1, 37°Cell A 2441 3F i sl Th.
24A13F 2, 9 A 4 9 (Inhibition zone) S AH5 ©]-&-3Fo] 231 T, a1 A Hlj #] o]
FQl dto] =242 w o] LB/KAN WA &<} (E. coli) ¥ LB Wi =] 8- (S. aureus)
3mLol| W& §F, 37°Cell A 3AI 3 ok vl Fat STt v kgt & NS UV-E 33
(Optizen pop) & ©]-&3to] 600 nmol| A EF L& ZA4ste] # AA A& Fela}
Aot st 8N g o] &sto] F2Y A R/ Y (Colony forming unit, CFU) 4 3
& zlaatgieh m kg &8 10°7hA] 3|4 A1 71 2, LB/KAN LA w <] (E. coli)
o} LB 3LA| 9] A] (S. aureus)ll 100 uLA F-=3Fo] Z=d-dk 5| 37°Col| A 214 ZF 1
ket T F21] A4S Image ] T2 1S o] &-3lo] A wF3}ad ).

AA A 3 FA F9 (Colony forming unit, CFU) 2 &S 53

S 3 7hetql ). E 19+ HGC/TAS Al 2 o] &+ 24 & vehd

o Lo
o
4

=
. E 199 g
W(EE)E e
(%) o] A A S
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[133]
[134]
[135]

[136]
[137]
[138]

[139]
[140]

0.01, #**#p < 0.001, NS; 2|3t #| &)= 3 HATE A @42 13 &4
T E. coli®} Z1% A2 S, aureusol] T3l ¥HdA) shFol] v} S7lx = A &
S Bth oA 9 A7 A Tl T stol=r2AE wo] X[ F<F aj A<l
WS A, Fet Aot gl g ko] Srhstel upe) TrashE A Se Ko
HGC/TA }‘%Eﬂﬂo} s ARGt AL 0T g sl HEe o A%
H & xdstdnh R FA ¢
A= Aol A B A ke E. colioll HlElA
HGC/TA0.5, S. aureusﬂ% &A1= HGC/TAL.0E] o A 7o) g3 A ¥ = A&

A
glst 4= 9l

Fﬂ,_l ml

o O

AA A 11 A 54 F 7}

A o] Ao} Al 3 (fibroblast)oll A -2 ¥ NIH3T3 4| 3£ & o] &3} HGC &
HGC/TAS] A A TA A 8-S 35 ). Ak 7 L A 3E o]u] x| I =2 9
3Fo] WST-8 Al 3 AJEA o Ao 7] E (Biomax) 2 LIVE/DEAD™ A& A /A 3 =
A} o] Hlo] 71 E (Invitrogen)Z o] & o}aiﬁr. HGC 2 HGC/TA= 28 A 33X+ &
ot 2] A A} S| A HHFEH QAL T 3 10% (viv) FBS S 1% (wiv) Bl YA /2
E gl Enlo] o] 338 Dulbecco's modified Eagle's medium (DMEM, Gibco) 2 mL
7 A= 24-%1 —;— glo] Eof] Yo] Z At} WST-8 ¥4 21 ¢ o] 4] NIH3T3 A &
= 96-9 v Zd o) E (1X10* ceu/weu)oﬂ Fato] 37°C 1wl o] Bl o] A 244
Fd e ) o}iiﬂ} 24Xl SF &, SEA BE AT & 92 DMEM &2 = 10
H-ol 1 S| A7 tf2- Al ol ] 718Fe] 37°Col| A 244 7F vl AT AT WST-8 &
N2 10 uLA 7 Dol F7HeE H, 37°Col| A 241 2F F7F v kst A vt 8 = vt

o]|AZEd ol E gt (VersaMax, Molecular Devices, Sunnyvale, CA, USA)E o] &
Sho] 450 nm ol A S A AT}, 8] S=8H2] 20f el A E A== 450 nm

oA AMEH 2] FF 5% 2ol & o] &-sho] A} st

[_rfﬂ-/\] 2]

Al 3 A 52(%) = ( AbSgumpie/ AbSeonret ) X 100 (%)

A o] AE/APE o Al o] 3= NIH3T3 Al EE 24 4 vl & Zd| o] E (2X10° cell/
well)oll &-7=8F TF& 2441 3F &<t M sl Sl T, 31 A gk 8= 08 72 Ao 7hal| &
H, 24X 7 L 48X ZF F-oF Ml FSERA T 1 2, 2 uM ZHA Q1-AM (Calcein-AM), 4
uM ol Bl § & F.t}o] -1 (Ethidium homodimer-1)°] gf-3 Z~Hold S o7
e shar 37°Col A 155 &<t #- A A7 3, PBSE Al A taLl 324 el o] A 270
td #An] 7 (confocal laser scanning microscopy) (LSM 880 with Airyscan, Zeiss)E &
3 AE AEEE 5l7] 82 37 o] 4b&star -4 sl

[_rfﬂ-/\] 3]

Al AEE(%) = (B AE)HE-ABE AE + S A E)) x 100 (%)
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[141]  WST-8 assay 25 H W HGC/TA A& o}l F 1 A ¢ 8hA] & thz3 1]
waklE W], BE AMETo A 85% o] o] Al AEEE Hol 540] glrke= A
S o1d 4= AU AIE7FHGC/TA 2 o)) 23 &4 glo] & AAdsl=A5
3}

Ast7] A&l AE/APE 2H o]P & o] §3to] A3 FEjE Felstolch
| 3271 % wWof vpeof & ZFo] et FS e = Aok AlEe] ¢
St A= 5 A E B8 HGC/TA B3 o] 54 o] gluhiz AL Felsleh =

20-2 HGC/TASY A ] Al Z 5408 YERIT E 209 ai= 244 F 484 gE
FobStol =2 Al 852 oy NIH3T3 Al 2] AFE/AFE o v A & e az,
T3 U= 50umE YERIITH = 209] b= AE/APE o] v] 2] o A HGC/TAL] A
AE 7 A S YERN A, = 202] ¢i= WST-8 ¥4 ol 4] HGC/TAS] Al ¥ A&
S eI T WST-8 #2418 9]l NIH3T3 Al £ 2 HGC/TA &3 & 2447k Fot
= 2] skl

o W M
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Z o
T8
74 -3 1] o} =] & 7] E4HAcyl Glycol Chitosan) X} # 2] 9| = (Polyphenol) < 3}

St A A AR

Pda2] Al ol A, 47l obd S8 F 7 EAN 100 T3R8 Vo R 4] &
|l 0.1 WA 10 THFFE 2= s SR 2 = AR =4
(37@3] A2l hofA, 47 obd S E 71 EAL 100 72 Vo2 3V &
g Eo] 5.0 WA 10 THHE A A SHOE st AR 2AE
g8 4] Aol ddolA, 7] ok S8 F 71 EATe] dabed S8 F 7 EAL
(Hexanoyl Glycol Chitosan; HGC)Q! A& S 02 st= N2 A 24 &
g8 5] Alel ddolA, 7] ok S8 F 71 B4l S S8 F 7 EAL
(Octanoyl Glycol Chitosan; OGC)Q! Al S 02 st= A=A =244 &
%473 6] Al1aell Sho A, A71 &2 3l = o] ¥hd Ak(Tannic Acid; TA)?! A& 57 2

2ol AR 24,

[ -3 7] A 18kel] Qoj A, 7] =] 3 =0 ZHGallic Acid; GA)I A& Ex o=
St A EA AR

Ao =
78] AlLFel SlofA, 40kPa ool FEFLE 2 A& EHOR sz AR
7@1 }_Aé%
773 9] Al1&el 9l o] A, DPPH ¥4 H ol A 80% ©]/<] ett]Z A7 58 2t= A
S E5HoR = HNEA A=
373 10] Aol dof A, ABTS -2 Hell A 95% ol /d9] efulzd A% & 2= A
S E5HoR = HNEA A=
[e]
A

78111 Argel] oA, 5 A @9 (Colony forming unit, CFU) 2! & ol 4 10%

olate] ] A AYE L= AL EH O = A EA RAE
(78 12] Ao ARA 2AES ¥36h= oFE YA,
[Zd7-813]  A18e] A 2 ES ¥l 24 Fshg A=
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[5=2a]
R
\ 6 7 8
NH o CH,OCH,CH,OH
HO
° 3
D.O CH,OCH,CH,0H
2 2 2 2 O=<CH2 n
H2-H8 0 t e 9
R= —H , —-g——cu3 d HZC/CHz e
h i b HsC _~CHz ¢
CH3 a
be
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